Abstract: There are several factors influencing the performance of an electrical connector. Such as design, environmental conditions, applied force, electrical loads, and installation procedures. As the performance demands on electrical networks and plants in general, and electrical connectors in particular, constantly increase, the need for more reliable rules for design and testing of electrical connectors becomes necessary. As for the bolted bus-bar design factor, a number of more or less important design parameters can be identified, including: contact force, overlapping, etc. The initial joint resistance of overlapped bolted is assessed experimentally , The parameters influencing the initial joint resistance such as overlap distance ,Holes diameter , tighten torque and bolt size are investigated. A computer simulation based upon the finite element method was introduced to calculate the ideal joint resistance and compared with that obtained experimentally.
Introduction
Elements and devices of the power transmission and distribution systems are connected by a large number of different electrical joints which are subjected to ageing processes. The electrical resistance of joints will increase during this ageing time. Because of this, the joint temperature caused by increased power losses can be so high that the joints themselves or the associated insulation material will be destroyed. Thus, the reliability of the electrical power supply system will be determined significantly by the high current joints, it is well known that the electrical joint resistance of clean contacts depends on such parameters as: normal force, contact micro hardness, electrical resistivity and surface texture (roughness). Traditionally, surface texture parameters are defined by the variance of the height and the slope of the surface (L. Bily OVE et al. 2010) . A well-designed contact device should have an adequate mechanical strength to maintain the mechanical integrity of a connector under normal and overload conditions of conductor operation. It should also establish and maintain a low contact resistance, thus preventing or minimizing the excessive heating of the joint under overload conditions. In fact, the temperature rise of the joint should not exceed that of the conductor under normal or emergency conditions (M. Braunovic 1986).
The most significant quantity to assess is the joint resistance to guarantee reliable operation of the joint. The joint resistance should be no greater than limiting value. Such limiting values do not exist at present. Furthermore, it is known that the life time of an electrical joint will be determined significantly by the initial joint resistance R0 after assembly (before aging) (Ralf Bergmann et al. 1996) . The quickness of ageing depends on the performance factor k (Figure 1 ) which equal the joint resistance Rj divided by the resistance of an unjointed bar Rc of the same length (1), it has proven that maximum initial performance factor must be equal or less than 1.5 Bergmann et al. 1996 ). This paper is discussing whether overlap distance, Holes diameter, tighten torque and bolt size has any influence on the initial joint resistance of a bolted joint copper busbar. Furthermore a rigid model of finite element analysis was established in this work, the effect of increasing hole diameter on the joint resistance of bolted copper busbar without contact surface was investigated. Moreover the influence of increasing overlap distance without contact surface was investigated and compare with that obtained experimentally in (Milenko Braunovic 2006) . 
Connector degradation mechanisms
If two conductors are connected to each other by their surfaces, the current does not flow with a uniform distribution over the apparent contact figure 2. Depending on the surface roughness, the contact hardness and the oxide or other electrically insulating layers, the true contact area is only a fraction of the apparent contact area that participates in the current transfer. Generally, the interface becomes electrically conductive only when metal-to metal contact spots ("a-spots") are produced, i.e. where electrically insulating films are ruptured or displaced at contacting surface asperities. The Degradation of electrical joints is determined by different ageing mechanisms: chemical, electromigration, creep/stress relaxation, gross plastic fretting and interdiffusion. All ageing mechanisms can take place simultaneously and depend on the contact temperature.
Chemical ageing
Describes the corrosion processes in the interface between both conductors, especially by base metals like aluminum and copper. The chemical reaction between the conducting material and the environment results in a growing insulating layer at the constriction area in the joint. Oxidation may occur at any temperature, but it is particularly important at high temperatures, where a more rapid reaction is likely to occur between metal and air It has been observed that the resulting scale increasing with time but with a decreasing oxidation rate for most of pure metals (M.K. Gohar 1988; Michael D. Bryant 1991) . Consequently the electrical field becomes inhomogeneous and the joint resistance increases. Generally the ageing behavior of a joint caused by chemical changes at the constriction areas can be divided into three phases figure 3 (Falk Blumenroth et al. 2007 ).
During the first phase (formation) chemical reactions go on unhindered and the resistance is increasing. The products of reaction (insulating layers) deposit on the surface of the constriction area. They have the same effect like a protective layer. Consequently further chemical processes go slower, because one partner of reaction has to migrate through the protective layer. In the second phase of ageing (relative stability) the joint resistance increases only very slowly, because of the protective layer.
Electromigration ageing
Electromigration is the motion of atoms from areas of high current density (a-spots) to areas of lower current density. That leads to vacancies in the a-spots, so the electrical conductivity in these areas is decreased. Vacancies and foreign atoms in metal always lead to lowering the electrical conductivity stress 
Relaxation and Creep ageing
The phenomena of creep and stress relaxation occurs in all metals to varying degrees. In aluminum it occurs to a higher degree than in copper, Although there is some confusion as to the difference between the two terms, both creep and stress relaxation are two definitions of the same mechanism. Both describe the results of a slow atomic diffusion mechanism in the metal, which is dependent on temperature and time (B. WILTSHIRE 1984; Stephan Schoft et al. 2002 ).
Gross plastic fretting ageing
Fretting is a common problem encountered in many engineering applications and considered to be a serious problem of considerable practical importance. The process is defined as accelerated surface damage occurring at the interface of contacting materials subjected to small oscillatory movements. The damage is not necessarily confined to metals since it can occur between soft wood and steel, or glass and steel, or polymers. It is most commonly found in all kinds of press fits, spline connections, leaf springs, riveted and bolted joints, nuclear fuel elements, wire ropes and, also, in electrical connections (Milenko 
Interdiffusion ageing
In a bi-metallic joint, particularly, aluminum-to-copper, atoms can diffuse from one metal into the other one and intermetallic phases can seriously impair the overall electrical stability and mechanical integrity of bimetallic joints since intermetallic phases have much higher electrical resistance and lower mechanical 
Experimental details

Types of connectors
All the tests applied on bolted connectors were performed using copper bus-bars. The contact devices selected for this work are listed in Table 1 ; all contact devices used in this work are made of stainless steel 
Circuits diagrams and experimental procedures
The contact surfaces of the connector intended for use for contact resistance measurement were cleaned by alcohol and abraded with a steel wire brush, before measuring the joint resistance. The contact surface was assembled to form the connector and the DC joint resistance was measured using micro-ohmmeter Figure   4 . Each experimental point is the average of 3 measured values of joint resistance. Correct overlapping of the connector is an important parameter for making a good connector, with no excessive heat at the joints, Figure 5 gives the experimental results of the performance factor as a function of the tightening torque for 40x10 mm 2 copper bus-bar at varying overlapping distance ℓ and number of bolts. From this figure, one can conclude that the performance factor decrease with ℓ < w (bus-bar width).
Experimental results and discussions
Effect of increasing overlap
This is ascribed to the streamline effect which decreases with the increase of the overlapping distance.
Moreover, increasing applied torque over 20 Nm has approximately no effect on the performance factor.
Furthermore, the performance factor for long ℓ values decreases with the increase of the number of fastening bolts with no dependency on ℓ. The performance factor has the same value shown on changing ℓ from 60 mm to 80 mm with two screw bolts. Ideal performance factor with hole diameter 17.5 mm is 0.83 the value of performance factor with contact surface should exceed the ideal value. Moreover, the ratio between hole diameter d and washer diameter should taken into account. This mean that increasing hole diameter with small screw increasing performance factor as in the case of using M10 bolt with hole diameter 12.5 mm. 
Effect of changing bolt size
Simulation description 4.1 Geometry
In Figure 7 we can see the 3-D-geometry of the model. In view of the axial symmetry of the system, We consider two copper busbar, 40 x 10 mm 2 , connected together, Notice that there is a perfect electrical contact between the bodies, it can assumed that the two bodies connected without contact surface, the overlap area are increased to calculate the overlap/ thickness ratio. SOLID69 Element was used in the simulation process; SOLID69 has a 3-D thermal and electrical conduction capability. Figure 10 shows the simulation results for the resistance and performance factor as a function of hole diameter, from the figure it is clear that increasing hole diameter increasing the joint resistance and performance factor, this ascribed to decreasing material volume. 
